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MEMORANDUM FOR: Deputy Director/Inteliigence

THROUGH : Agalstant Director, Resesrch and Reportse

SUBJECT: Trip Repors o 25X1A9%a
to To:onto, Canadz, 2- eptember T

I. Purpose of Trip

The undersigned sitended the XI'P General Assembly of tae
International Union of Geodesy end Geophysice (IUGG) held et Toronto,
Cannda, 2-13 September 1957. The purpose of attendsnce was az follows:

A. To cbserve Soviet and Bloe perticipetion in gecdetic and
gravimetric discussions, particularly with respect to (1) IUGC progranms
calling for disclosure of triengulation end gravimetric accomplichments
ang deta, and (2) Soviet interest in Free World geodetic and gravimetric
activities.

‘'B. To obeerve and eveluscte Soviet methods of establishling rapport
with Free World gecdesists and gravimetrists.

C. 7o observe relationships between Soviet and Bloe delegates in
order 10 ldentify personslilies amd evaluvate theilr importance and
loyelties to discover clues that might be useful in the collecticn of
intelligence regarding Soviet Bloc mups and information on geodetie
activitiesn.

D. 7o note from techrnical discussicons developments in triargulation,
celestial methods of establishing intercontinentsl geodetic ies,
determination of the geold, gravimetry, =nd electronic distance meapuremsni.
(Brief sumsries are given im the Techrical Annex.)

E. To obtaln informetion cn Soviet Polar activities.

II. Intrcduction

The Internstional Union of Géodesy and Geophyesics consiusis of
seven international asssociaticns concerned with the majlor sutidivisions
of the complex field of gsophysics. These Associations, in furn,
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facilitate intemnztionzl cpoperation 4y sclentific reseaveh cn a murher of |

problems  through more then thres dozen commissions; cemmittees, join®
compmitiees, or secbions, mpuy of whioh are further ziabdivided inbo soudy
groups or subccmmmtcem ' .

A General Aszembly is! convsmed ever 3 years to formslive cestarch
projects in pxcgmss? g}mtﬁme e wtuij.vs,, and present pgpers an yecent
developments. “The XIZ! L-etzeml As.Sa,mbﬁy econvened ia Tororto uanaé 3-1l
September 1957 . Abcorcdxsg to o2 rr'w,rimed iist of national delezations,
1,186 scientist from more then .0 cowdiries uere registered as delfygites,
associates, and guests. Mpre than 1,900 howsver, probably attendep
the meetings. This was vh& figst Lmnq ral. Assembly in which a $oi gt
delegation paztlr*lpa‘tec as 8, aduber of the IUGE. Fhe Soviet Union
joined the IUGC afier tne Kol d mneral issambly, convened st Rome iy L9%h
to which it sert a dele, at@on Por the DHwpose of anccuncing the od&iﬂb
intenticn to pawwlpate in ma Iute;m itional Geophysica: Ysars, The
announcemerty foilowed shoptly lsy the -mherel ce Lo the LG, re >rea}m$;eu
an emergence from seclusion in lelds || geodesy and gecophysics) in wvhich
some risk of exposure of c}a siiled 111:01met3.on mlght oncur. The !
Soviet delegation at ’!‘c»rento wa: cne df the largest in abuendance.
Canadian sources reporied g tot',. L of 3> persons -~ 23 as celega.eg and
32 as visitors, The final;of fi:i=2l rdsistration based on-a Sov: het*
slascification of the nmmbersml‘g .Qf th: delegation, howeer, $ndiot tod
that it consisted of LC @elegms- 2 gxe.;t ard 2 associates. Tae .
reason for these dif ferences 1$ not en sirely clear. It vy be
explai ned in pavi, howevery by - f*ufrfu a1t Soviet poliey thet per: m.t.ta

st trips ab reletively awa* cast (7,000 rubles) fer :
:Asts who ablend ncl entif > méetdlngs. Such tourists would
_"@dllv have no del LLatJ.fl‘l stbatus of ary kind. This gcli.cy may -
also,- aceount for the urwsuel peasence ‘of an Intourist repr esenta.m., e at
Tqronto.,

Soviet Bloc nations s,ha‘h sanb deleaatlons included C ,echoslovah 3
(2 delegates), Cermany m) Hmk,ary (B);, Polard (9;, =2nd Humania (u)

ITT. febivitles

Jur activities were mbwentﬁ rated dr‘ the meetings of the Intre:mgt anel,
Association of Gendesy { zA() bgrause d L8 grealter urgenty and |
importance of geodetic prhle”IS to ouzf intnl.L:Lgence funciions. The
IAG meetings were organis eé by ssct: mxis { triangulation, p:recise lma:bling
geodetic astronomy, grevimptry, acd ggoical studies), whieh vers
further subdivided inte copmis ; LO0S 'Mi studv groups. ideetings w
held from 9:00 to 12 ncon end foom 2:00 4o 5:00 although meetinus (f
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groups often wnfhcwd, ssetlon meetings were so arranged as tc avoid
conflict. EDarly in the pericd, it waf decided not %o dovelop personal
contacts with the Busgians. This was based on a preliminary cbs3rvation
of other attempts to establish contects with Soviet BlLoc delsgatss—-inciuding
an early, determined; and fruitless effort by Army Uap Service
representatives te mt@rromaio Dro Ao Ao Tzotov, the leading therretical
gecdesist in the USSk. It uus decided that the cost of axposing
ourselves and cur inberests vould npt have been worth the meager wesults
that could have been expeciec at best. This decision was subsegac mﬂy
justified by the discovery tlat the Soviets were under instructioma to
-conduct extended professicnal discussions cnly through an officé.ﬁ
interpreter, whose technieal incompetence appeared to bz designeéi

to obstruct communication. Effort, therefore, was Limited to th:
observation of the Soviets ard the Bloc delegates.

IV. Tindings

Ao Althcugh only 5 of the 5% Soviets delegates aiiended thy IAG
neetings with any de”rrﬁe of xegu_.antv, the attendance included some
of the leading Sovze“, Tigurer in gecdesy end gravimetry: U7. A.1. Barauor,
Director of the Chiel Administratiorn of Geodesy and Cari sograpghy; Ir. A.:.
Izo%ov, the lsading geslesist in the USER tolsy; Yu. D. Buloughe, one of
the lzeding Tield directors for gravimatric surveying; ©.7. i Fedy.askiy,
head of the Geopnysical Institute irp the Petroleum Minlm.ry, and A.I. Boglanov,
his superior. The others in atiendence included B.X. Balavadze, & leading
theorcticlan in the atudy of the vertical gradient of gravity, axd Yu. i.
Meahcheryakov, a young scientist vhe has specialized in crustal novementh &
and earth tides. On the other hand, M.S. Molodenskiy, the leading gravi-
metrist in the USER, was one of 3 on the original list of delega ez who
Tailed to appear. Of the Folish 9-man delegation, 5 attended the IAG
meetings. Bimllarly, <he % East Ceraan “epresen‘tauiv\.,; vho attended the
IAG meetings comprised more than belf of the totel delegstion. aihouah
2 Czechs were registercd au dolegates, and both were seen frequently at ike
IAG meetings, neither regiciered at the geodesy reetings.

B. = The Soviet delega* -lon presented a national rmmrt on tr! dﬂgu.,.:'l(l’?;
precise levelling, geodetic asivenomy, gravimeiry, and ) indivicuzl
papers. Jf the latter; hou every oenly 2 were disseminated in fu]i texb;
the remainder were dissemimated in brief abstract form only. Naie of ihe
papers gave any information that was smgnif:a.cant to ocur 1ntelllgt=mce
problems. The national report, did srovide a selected bibliography of
principal geodetic literature, including titles of sources not now
held in the US. These will be checked out in detail, and reques.s for
them will be initiated through ®“front" scientists.
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The requests mill KR L 0'9( rate referencas Lo the spirit of internLional
cooperation what underiics the activities of the IUGH.

€. Alchicugn th: Jorlel delegates attending the T gassion:
appeared friendly and ware oecasionally seen talking 5o non-3lo:
theare was ao zenuine fraermisesiull eksept with 3 of tae § E”u“ws
the Czech {8Hvoz). U0 the Saviet de} egation, Bulanche [onlarger'
most freely with anoh-38ho: Ls¥ stk aly cinversing in his show Cermm a.rvi
evan nore hassang Tuglisn. Feo succeedzd in conveying an earnest cvesire
to cooperate and adecltly sveiced ecmmittments to supply classif icd
and defailed accounts of Soaviet m,ti?ri&iesa His success in avoiii £
comaitbments was sagad iu @
delepntes concerning Sov.es go eti¢ and gravimetric data and
achievements. In on: sase. tids success was achieved oy Bukanzh:
the cost of delibarate fulaif icatior, which passed unracognized oy f(,lriq,
ading delegates. The u«.wi@t stocass in evacding its obligat ¢ '"; of
atlonal cooperstion, hevever, Wwas by no means compiehs
s sdstle doubt that many delogates rorognized the obvious mefus il ‘tu
provide infora: ..Lo‘n cn the exlent ard location of Sovist driangu ation,
on details of a am”ln“u 1936 pecid debermination, and on tbe cxtet and

logation of Seviet submarine svavity sirveys.

e
¢

Jc‘

. The most obhvious Soviel trucnience beeame evident in se tion
ngg on tine Geold and on Triengulation. On several cccacsio
gadier Bomtord {(U. X.) pointedly bus tactfully callsd for inf mﬁ;?&:&z
on Soviet Lriangulation data for the determination of the Geoid w
ast,m geodetic means o licorsovate the vast area of the USSK., ‘'hz
Kremiin-like silence was eloguent. Themame heavy silence greate: lhe
effortys of Mr. Whitten (US) and Dr. Marusel (Italy) in the Trisn ui'ﬂ x.‘h
seciion to obhain (L) iniozmacion for the compilation o5 a map o
trizogulation and (2) Soviet Bloc triangoelation data for the Fre. Joric
Buropean Datom adjusiment. There was no participation hy-the So iets
“in the discussions on the Gz2o.d, even Shough they have the singk
largest triangalation system :nd have adopted a distinctive and rnusuai
pro,]er,tlon method for the adjustment o trisngulation uhserva'%;imﬁa
Consequently the discussior meetings were deprived of the benef t
the unique Soviet exparience. Jithout this, no significent diso “wioL,
couid devslop because no other country has had se much experisnce with
the projection method. {imilarly, the Soviets did not veluntesr any
discussion on triangulation. When a question on Soviet triangul:ticn
was raised, the Soviets wrequested dglerment of an answer to a later
date. The response given 3 days latarﬁ however, completely avelded
the ordginal question and, instead, developed into a critical am: lysis
of the Burope:n adjuatment( With this dlversionary maneuver the
Soviels again avolded disclosing classified information. At the same
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time, the gratuitous crit:i;{'cis.m@ of westvern datum unification zddzd ;
gnnther stroke in the Soviet pelicy of demonstrating their knovled;;eability
in geodesy and possihly .heb,ped lay the groundwork for evantuall s
raking the Soviet Datum appesrias a superior scientific accomplishient.
This performance, however, had | some intelligence value bacauce tha
detailed criticism disclosed ap irtimate knowledge of Eurcpean
triangulation, which could only have ¢om: from a comparisen of tha
results of the Luropean Dabum adjustment and the Soviet Lneorporats on
of the Potsdam system into the Soviet Datume ‘

ke In the ssction on Pregise Levelling, two papers were preggnied
for the Soviets by the Creph de’egate, Ur. Broz, who read the Lknglish
translations of previouslyrdi sgzminntdd ebstracts, with cupplementeryr
remarks translated extemporanadisly from Russian notes hapded to Brou
07 Ao ko Izotov a moment before. No significant techniesl infermation
was provided. The use of Dr. Broz as middleman reflectec in yer
another way the intimacy of his assoelation with the Soviets, wihich
was obvious throughout, the isseribly mectings. ‘

Fs  The most active S¢viet participstion was in the section ob
Gravimetry. Bulanghe attended pll sespicns except the one at which Ur.
ilelskanen of Finland and The (hio State University presented his major
effort, lParenthetically, this sbstention is believed o have buen 1
boyeott of Heiskanen, who at a previous meeting is reported (by Jiksefe,
US. Ariny Map Service3 to have mpde some general references to RBolshavism. |
In the section on Gravimetgy--which topether with Triangulation wag cne
of the two most ticklish tdpiecs: from the point of view of Soviet n&tional
security--the Soviets achidved their greatest success. Jn the one hand,
explicit commitmerts to furnish. date were forestalled by a lie (i.e.,
that Soviet postuar gravitg dats have rot becn published); and, on:ihe
other hand, the Coviets ccqveyeg.an impression of capable scientif

research op the determinaiion of abeolvte gravity and on the Soviet testing
of an instrument for the mneasurenent of gravity at zea. 1

At the resolutionmdraf.}'bing;g sesslon of the Gravimetry section,
Bulanzhe gave the impression of ;oing out of his way to support Father
Leday, Director of the International Cravieetric Commission. This
effort to establish support mey not be without its sinister aspects.

The Soviet geodesisis have demongtrated keen interest in data of other
countries and, in fact, are cdegendent on other countries to suppoly data
of their respective areaus. | The most canvenient method of gecuring these
data would be through accesg to \the iles of the Internaticnal Gravimetric
Comnission under Father Ledgy. |ast year, Bulanzhe magnanimously gve

an obsclete so-called catalpg of prewar datc to Father LeJay, who
promptly took this to mean that the Soviet policy of resvtriction hag
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angad, Little did hs now thzt the catalog was of limited woicre and

- been available previously. The efforts at Toronto appearec Lo bz
eimed at establishin; the impressicn that the led Bear covld be ag esabloe
to a Jesuit. The regrettatle part iu tnat Sulanshe may garn sre3ss Lo

3
2

kitherto unavailable international graviuvy data from man: Westorr
navions unless Father lLeday van be nads aware of Scviet dupliciuy ond
of the existence of published Soviet titialogs that the Soviets ave nob

willing to release.

G Bulanzhe, at @ priveie luncheéon with a US gecplireiciui,
expressed regret that ;| revity dita 2rg not released by the Soviet Inion.
de went on to exviain that the ailitarr spoaratus having control oater
Soviet geophysical activitier i3 being reoirganized and it was hopet “hat
some liberslizaticn of this res.rietio: vould follow.

i, Jbservaiion of relationships sefween the Soviszt znd European
datellite delegates at “he mesthnge disclosed that j of the 5 Poles and
the Czech delegate were such ca:shant conpanicns of the Soviets thst
they appeared to form & singls «elegatiior. Broz (Czech) and Povys
Szmielew and Stanislew Krynski “ Polish! ected as inierpreters and €apgorly
performed other general service; for Birency and Igotov. Thais wag i
merked contrast to the distany end deerdedly cool relaticaship of the
usoviet delegates toward Dirs. fapela an Czerski. Kanelm, a geodesisi. of
considerable stature in postwar Polend, was ill &b ease n his Jimd bed
contacts and almoed obeissant in seeking ihe favor or ithe Soviets ai of
Krynski and Szmielew.

A check of Staff files after the Soronto meetings lens further
supoort to the suspicion that {J) Svmlelew and Krynski ars high-lev:l
trusted Communist expediters in relish mapping who are now engaged
in the process of shifting the Polish wapoing system to th: Soviet
system, (2) their states affiilstion with the Institute of Geodesy and
Cartography (Warsaw, Jasna 2/ii), which was officially abclished in .isy
1957, was eithrr a zover or ar indieatdon that the instituie continies
to function under the litile-pubiicizaé dilitaxy Gecgraphic Instituse or
some other security organimation astoeiated with the geodatie survering
and mapping of Uoland aceording te the z2lassified Scviet orogram.

From observations such as those mentioned, we have cbfeined ow:
first indication concerning the identity of some of the kay versonme:l in
the Polish mapping straciure vho could e developed into intelligence
targets for the collection cf ne; Large -scale Polish topogrsphie mays.

Ho  Among the informstion r:lsazed by the Soviets on rntaretic
operations was the confirmatica f plans Lo make landings &t 6 points
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on the continent, including 2 in the Ur:liimed Secter whert, sunl r the
IS has conducted operat.ons here:ofure.

Ve mk’:mzblems

A, The lack of readily ava.lable Jussisn interpreterg signifisaatly
Limited Soviet participation in .he selsntifie discussions; necessarily
diminished the sc¢ientific vplue :f the nectings, and reduced the
oprortunities for additionzd coliection of ingeiligem:e infermation.

The importance of these lospes einnol b2 overemphasized.

B. Soviet comtribubions to the XI*B Genersl Assembly were no pore
Lthan had been expectéd. Wo| signifiesnt informetion was mace availalla
{except for an admissior cf rese rch on graviity at sea), and no dats
ware provided, even though avoldunce necessitated a lie ti forestall
emharrassment to the Sovietk. Such actiomy, of course, is in _pposition
Lo the fruitful functioning of tie IUGA. vhich is dependent on a
voluntary sharing of basic informmation. I£ the Soviets cortinue L 3
truculence for 3 more vears =- w til the rext General Assembly, schediled
for Helsinki in 1960 -~ they wil. have scored a real psychological
advantzge and made a net data gaa.  The USSR will have gelned wideg
access to geodetic and grovimetr e data without having to share its om
classified infermation. ZThis ra ses the problem -- what, §f anythipg.
ouzht to be done toc rectify this one-sidec state of affairs? It is our
cbservation that Westerr ge¢de sicts are nct attuned to the eonsidergbion
of a problem such &s this, even »icugh railure to act wili have adverse
effects to the security of the Fre« torid as well as on the develophent
of science on an irnterratiomal waie. The probiem will be of aven more
vital concern as Scviet develocpmen® of ~he earthesatellite vehicle pnd
the ICBHM progresses. Westera jecdesist: (US inecluded) are not di.spesed
te place any pressure on the Sovicts on the zrounds that solitieal gadl
miiitary consijerations ought nol interers with or prejudize
International sciertific poeseration.  "his aititude was claarly evident
at the X General Ascembly, whee the Free World svientisis lLeuned
backward to avoid embarragsing tle Sovirte by pressing for data shafing.
As a matter of past pelicy the I G doues not consider resolutions
affecting a country without prior clearence with the delegation of tast
country. In two instances the Soviets expressed a preferesnce not t»
formulate resoluticns eallin; for Soviet. cooperation in data exchang?
and research programing.
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3. The US had no mbgqxve dei gation funetioning as suweh, 3L kocgh
there was a nominal head. s a repult. where was no delypetion ..1?. naing
of strategy vis-a~vis “he Em*ie f sagire a preater par~ticipatia. of
e USSKH in the sharing of infermation and daba.

Y. R«ev:ommend cmns

. It would be advarﬂftag;eoszv tfr htwllzl Jence as wels. mS t,cz -:d_ e1ce
to have a small siaff of interpreters {one for each 23 ia don
of the 1UGC) at the X ;p b Cereral Rosenyly at Hels:wkz whe mu]d e

available at all times to facili t(El“u improved communicaticr with e
Soviet, delegation. Unless adeq:ate provisions are made e uovxeﬁi ALL
aither hide behind a mrcaﬁn of po‘p v eomaunication or we ¥ill bavgu_ to

dependd on security ¢ conselons Seoq 1&1 irterpreters whe scraen out
significant eommerts. ‘

25X1X7

C. in the next 3 yeap per: od it wduld be highly desirabie td
dissominate thrcugn appropriate M&ﬂ%‘ﬁ all unclaseified trensiaty
in the field of geodesy uanb pm»i,nébry 40 selected lesding Free W
g2ientists to (1) meke me&n aware ¢f §oviet scientific developws
{2) reduce the ignorance n wiich Soviet dupliaity thrives, aod
davelop resources for rwr-.“x)osl .*n.t iligenes exploitetion.

3)

e It is stirongly ‘eromnezde& that steps be taken Lo evelop
2logely knit Ug dp)eu—z don te toe }f ahsindl meebings in 120C in order to
na fully prepared to cope Wwith |1} ;pos sible Soviet :raaaeyrda i
mareuvers and (2) Soviet con‘L:m er unwill.ingness to submit data td IAG
studies and projests.
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TECHNICAL ANNEX
Principsl Developments ir the Triangulation, Celestial liethods,

Determination of> the Geoid, Gravity, and Electrenic
' Distan:e Measurement.

Triangulation

4%t Toronto there was indicatiocn that the West had Tinally caught
on o the Soviet method of projscting contrel points of herizontal
triangulation upon the sllipsoll of reference. Reactionsz to the Soviet
mebthod were positive. Merussi of Italy was strongly against reducing
triangulation to the ellipsoid Tor reasons which were not altegether
glear. However, he did say tha® if projection was used, then the zdjusi-
ment, of observations should be sarried out before projeciicn onto the
ellipsoid. This is particularly relevant to base lines, vhich ars used
primarily to insure a constant scale throughout a triangulation nef.
The Soviets reduce their base lines te the Krasovskiy ellipseid imnediately:
The US reduces itz base lines ¢o the geold. Apparently the British are ‘
inclined to leave the base line: on ths earth's surface where they had
been measured.

The question of what to do with a triangulaticn network afiey the
field observations are mede stiil perplexes geodesists, If eventunlly
an allipsoid of raference is smployed, it seems awkward 4o reduce hhe
net to the geoid, as the US does, If one attempts to reduce the
observations immediately to the ellipsoid, however, it is also necessaxy
to make an extensive gravity survey of the area in order tc establish
the ariomalies and geoldal elevations. This might be dons for a limited
area,. even for a country as larze as thie USSR. The question ariseén
then as to whether the orientation of ths =llipsold which may be
suitable for the USSR is walid over the rest of the earth.

The paper delivered by Izstov of tire USSR at Toronto did not
reveal any new daba or methods used ir the USSR that were not prewvicusly
known to us, The reprint of the paper distributed at the meeting was
rearranged hefore delivery by Izotov, via the USSR tranglator. In the
delivered version, Ivoiov indig¢ated a very intimate familiarity with
the European readjustment of th: first-order triangulation recently
carried out by the Coast and Gecdetie Survey and the US Army Map
Service. " Izotov said what he tuought was the matter with the readjustment.
The essence of his comment wes that much of the field work should be
rechecked or redone; nc matter :ow elegant the methods of readjustment,
a precise readjustment cannct bz maede from bad data.
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Aala,

The need for zorrecting onsz wcopea: base line by 1 part in 50,000 was
mentioned as indicating the dleplorallc inaccuracies i some of tne
ruropean field work., It is cuite evident that the Sorists ave woll
abreast of all published woric on the Buropean Datum, since i% ig “heiy
geal to determine how to connect it with the Soviet Datum.

be geodetic oxperieﬂcp crows and the range of in meeuragy ir the
measurement of angles and distances narrows, some gzeodetlc concests sre
seen to rest on Shik* ground becsuse of increased difficulty in defining
them. The gzoid is such a soncept. Yo difficulty is encountered in
conceiving a great ¢ alm,aver ail the ceeanic waters, “he surface of
which would then constitute part of the geoid, ’hc remaindes of thae
geoid weuld oe the continvation of “his surface under the cortinanbs,
A tidal gauge might successfully smooth out the surface irre nuls olbies
of a turbulent, body of water but, 'its zero level depends upoi tha
configoration of the coastal ares in which i% is placed, Ths zero level
as detsemined in the Baltie Sew wou'd reflect any tendency o th» water
to aceumulate in that enclosed srea caused by ocean curvents or Jldas,
Furthermore, any standard zeyo gauge may de affected over a .ong
period of time by crustal upiirt.  “he situation bescres even mo
complicated when we consider the level that water mlghu atbta.n iy
aypothetical narrew canals erossing thes land and conneching he eas,
Although the differeaces dealt with here are quite smell, it is YECREEa 1Y
to cope with them if we arn cver going to establish a world Hasi: for
levaling,

Indicative of the coniusicn thet stg when the conesp: of thas
gceoid is appiied to the earth zs a %qole and to the ellipsoid of
reference, was the gquestion of the gsoidal #ilt over the US, wraised by
0'Keefe of the AMS. Astro-geodetic computations sesm to irdi.cat:
that the tili is cne way, whereas gravimetric deflechions seem ¢
indlcate a tilt in the oppasite way. Heiskanen then pointed out thath
a gravimeterle method encompassing the whole earth was needed %o wercon:
such a dilemna. Actually, as we car r2adily see, the somputed g cdial
AR R and 2levations nver the eontirsnts wilﬁ have frve signific nce
only when the gaps across the oceans are filled in and when we h wve
a complete pgeoidal sectlion arsvnd the earth.

The meetlings wiitnasse tne emezgezco of increasing differen:xs of
selentific splaion uuuue;niug Viie devslopment and proischion metocde of
triangelation adjustmens. The eventmal resclution of this probl m will
be of intellligence significance sinc: it will affeci cur evaluat cn
of Soviet triangulation an' iis extension beyond Soviet lands. “he
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Soviets have projected their compatstions along the normals o *ha
ellipsoid of revolntion and olaim t2a% this has increased acwour: ol
sipnificantly throughout the wiasl extent of the Scvie: Unior. & this
is true; the Soviste will be able Lo oxtend these asccwracies to <ther
triangulation systems and so lacrease thelr target positionivg
accuracies.

Grewity
A pumber of zepovs prosonted hafore the gravimetry section ab
Toronto dealt with the taking of graviity observabions on both lsnd and
vea by various coumniries. Papsrs o gravity measurins spparatu: sere
&lso delivered, in vhich conszideration was gilven to Worden, Gra: ', and
La Cogte instruments. One o thz big prcblems todsy is the des: g1 and
ganufaeture of gravity-messu-ing apoaratus £or use at sea == aprovs
more agcurate  and faster thun the pendulum apparatus of Vering V2inesm.

The US, Germany, andc the USSH ars all working on this problem. The
Britizh repsatedly indicated that they wvelied upon Amsrican momey and
submarines to do the job of pravity determination at sea.

The Scoviets were praseni. st neaxly all sessions st which g avity
was discussed, but they shied sway Trem any disclosur=e of glam:,
programs, cor data. At one point, Balanvzhe was asked zhout the foriet
extension of a chain of gravity statlons northward from India. 5 was
an ideal time for him to tell. sometling explicit about the Soviei
program., In poor German, he indicated that it was & olg viece «f work
and would take montls te zccomplish. On ancther occasion, Fulars:

was acked where some 18 gravity cbservations at sea thot he had
referred to eariier had vesn made, He replied "™in on= of our scaa ©
wﬁhwts%ﬁmgmﬂdxmmg?%newmmtﬂwsﬂwntmlmmﬁwp(f
language and the resiraint that he was forced to exercise for pelitical
reasons did not seer to account fully for his hesitation and relntance
to speak, Ue probatly sensed that he was among at least his equals in
the field of apoaratus design. He may have been hesitant tc placoe
Soviet gravimetric thinking in competition with that of Western nationg.

Currvently the great clamor is woi more gravity data represeusatives
of the areas that are now without any deta., idost of these areas are ir
the great ocean tasins of the southerr hemisphere. It seems prebable
that imperding improvements in seaborne gravimeters may be partly
respongible for the recent curtailment of gravity programs at sea.

Jntil the Graf and the US instrumerf:s are thoroughly tested and groved,
the old pendulum apparatus weuld have to be used and progress would be
slow and expensive.
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Electronic Distance Yeasurament

The Bergstrand geodim:ber and the Wadley telliuromeier pirese it the
geodesist boday with a means of rapidly determining Li sighs
Gistance to augment tha usual deterpination of angles in fiald
cbservations. Developed fired in 1948, the geodimeter speraites vith a
modulated Light beam of a definite cptical frequency that travel: to a
distant reflector and back tc¢ vhe scarce. The time for the retu-n trip
depends ultimately upon tha cistence between the scurce and raflctor
and upon the velocity of Lighh in vacuo. A checking ¢f the resu is of
many trials with the geodineler agalinst previously messaved base lines
has been very fruitfol in recusing the vneertainty sornsetad wit: the
velocity of light. The best walue for this veloeity iadicated a: the
Toronto meeting was 299,792,% 0,5 km. per sec. Since tiwe gzodi woter
cperat.es on odtical {rzquencies, it can be employed orly a% nigh:.

At diztances of 10 miles and more, it is capable of avcuracy te  psvh
in 200,000 or betier.

R TN

The tellvromaeter operates on medulated radio microsaves and
conseqguently can be zmoloysd during the day as well as aight. Tw path
betwaen the sowree and reflechor need not bz enbirely feae of obsxiruchion.
The tziluromster iz wost succwessiuliy ueed on 10-te 3G-aile vangis,
where it will give accaracy comparat:le to that, of the gasdimeter The
veloeity of cptieal and radic waves varles with the density, bted oratuars,
and humidity of the interveaning atmosphere. Correction Tar theg: fackera
is necaessary alimg the pata 3£ an accurate determinatioa of distince is
%o be obtained. Undoubbedly the checking of the wesults of sany Dwrthe -
trials with these instrumentr againet base lines accurately TRBE 1€
other methods will narrow stdll more the uncertainty in counecti
the veloeity of light. Distangéaessuring instruments similar €5 ohe
or the cither of thess two bLypes will coneelvably be pars of the :tendard
field sguipment in fotare gecdebic work.

Celestial Hethods for Gaining Worid-Wide Geodetic Controk

The LWo celestizl methods that promise to coatribuhe much to geodes
curing the peried of the IGY ars the lunar-photographic method ¢aveloged
by Wm. Markowitz of the JS& Huval Obuervatory, snd the use of =axth
sateliites, which are bto be launched bty both the JH and the USShH.

{a) At Tovombc, Markow .tz expained in detail the major asivonomi:
anc goodebic problems assceiaded with the lunar-photogsraphic wmetnod.
The mouon 1ls photographed asganet a hackground of sta avy 2 special
canerz mounted in a mediun-~s.zed telescope. Obviously the position of
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the center of the mcon with respect to the star background will depend
upon the position on the earth at which the photograph was rade. It is
the plan to make many lunar photographs during the ICY at ezch :f some
20 or wmore stations widely dispersed over the earth's surface, The
principal factors contributing to error are:

(1) The moon's surface is irregular, which makes the profile
deviate slightly from a true arc; morscver, the section through the
center of mass is not a true circle. '

(2) The moon's orbit iz rnot completely predictable, since the
distance from the earth to the moor has not been determined with
sufficient accuracy, nor has the earth's radius from which the ‘unar
parallax mast be calculated, )

(3) The moon's orbital motion is a means of elecking time more
uniformly than is possible by using the rotation of the earth.
Yevertheless, this ephemeris time of ihe moon must be replaced by some
absclute standard of time, which seems possible to obiain for short
veriods with erystal clocks or atomic standards.

(L) The small unavoidable errors in measuring the photographic
plates are magnified many times and constitute possibly the greutest
factor of error in the overall methoed.

Current estimates of the >robable error in the lunar plrotographic
method in determining long geodetic distances between points on the
earth's surface now are on the order of 40 meters. This is a
relaxation cf earlier estimates and is probably still cn the optimistic
side.

(b) The Earth Satellite

The geodetic potentialities of an earth satellite were lightly
treated at Toronto, probably in view of the conference later held in
Washington (30 September to L October), which was concerned exclusively
with earth-satellite problems. O'Keefe of the US Army Map Service
expressed the opinion that we will have a much improved value for the
earth's flattening soon after a satellite is in orbit. Other views,
privately expressed, were less optimistic.

Even if we grant that a successful launching can put a satellite
in an orbit that is not too elliptical and several hundred miles above
the earth's surface, it is by no means certain how well nor how long
the minitrack transmission of signals from such a satellite will
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continue, Jptiecal tracking has iis proponents and skeptics. Jrscisely
timed photography of the satw:liite ageinst a background of stare ab

dusk cr in broad dayligh®t has still to be demonstirated. Liks older
celestial methods employed for gmodstic purposes, some years of bLracking
ex.erience with the satellits will prebably be requirad before it
gecdetic capablilities and ll.izations can be assessed. We have no doubt
that ultimately earth satellites will prove to be of =ignificant ralus
in the study of the sarth's sive, sghrape, and exterior gravity £isid.

It seems quite pogsible tiat the Sovlets intend to rely upon sateilite
obzervationg for eventual. im rovenent in interconiinental positi oning.

25X1X7
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